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1 Introduct\’ion
, 3 Alastair Craw [CI02] , 2
.
2 $\mathbb{C}^{2}/G$ $(G\subset \mathrm{S}\mathrm{L}(2, \mathbb{C})$ ) Klein
20 McKay ,
.
$G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ $\mathbb{C}^{3}/G$ 1990
. ,
$G$ -Hilb , , Bridgeland, King
Reid $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$ $\mathbb{C}^{3}/G$ .
Fourier- McKay .
, , $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$
, . [CI02] ,
$G$ -Hilb , $G$
( 93). ,
charnber , Fourier-
( 106). , wa chamber
k Fourier- (McKay ) ,
, ( )
( 116). ,




2 NIcKay $G\subset \mathrm{S}\mathrm{L}(2, \mathbb{C})$ . Klein
, $G$ , , . $G$ $C^{2}$
$X=\mathbb{C}^{2}/G$ , Klein , Du Val ,
. 2 ,
$\tau$ : $Yarrow X$
. $\tau$ (-2)- ( -2 )
, ( $G$ ) $\mathrm{A},$ $\mathrm{D},$ $\mathrm{E}$ Dynkin .
(Dynkin , Lie , Brieskorn-Slodowy
. [S1080], [ 02] .) 1970 ,




2.1(McKay $[\mathrm{M}\mathrm{c}\mathrm{K}80]$ ) . $G$
$\mathrm{r}\mathrm{r}(G)$ $:=$ { $\rho_{0},$ $\rho_{1},$ $\ldots$ , \rho n}




. , $2I-(a_{ij})$ $X$ Dynkin Cartan
.
,




[GSV83]. , \rho , $Y$ $\mathcal{R}_{i}$ .. $\mathcal{R}_{i}$ .. $H^{0}(\mathcal{R}_{i})\cong(\rho_{i}^{*}\otimes O_{\mathbb{C}^{2}})^{G}$
$\mathcal{P}\mathrm{t}i$ , .
2.2([GSV83]). $\tau$ : $Yarrow X$ $\ell_{1},$ $\ldots,$ $\ell$n ,
$c_{1}(\mathcal{R}_{i})\cdot\ell j=\delta$,,





. , $K$ (Y) $Y$ Grothendieck , $R$ (G) $G$ .
$\mathbb{C}^{2}$ G- $\mathrm{G}\mathrm{r}\mathrm{o}\mathrm{t}\}_{1}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{i}\mathrm{e}\mathrm{c}\mathrm{k}$ $K^{G}$ (C2) . $\rho_{i}$
$\rho_{i}\otimes_{\mathbb{C}}O_{\mathbb{C}^{\underline{9}}}$ $R(G)\cong K^{G}(\mathbb{C}^{2})$ ,
$K(Y)\cong K^{G}(\mathbb{C}^{2})$
. , , $\mathcal{R}_{\iota}$ ,
, . $c_{1}$ (Ri). $\ell_{j}=\delta_{ij}$




. $\mathbb{C}^{2}$ G- , $\mathbb{C}^{2}$ , $G$ $\mathbb{C}^{2}$
$G$ . $\mathbb{C}^{2}=\mathrm{S}\mathrm{p}\mathrm{c}\mathrm{c}$ $\mathbb{C}[x, y]$ ,
$\mathbb{C}[x, y]$ - , G-
48
$G\#\mathbb{C}[\prime x, y]$- . , $G\#\mathbb{C}[x, y]$ $G$ $\mathbb{C}[x, y]$
, ( ) .
G- $E,$ $F$ ,
$G- \mathrm{E}\mathrm{x}\mathrm{t}_{\mathcal{O}_{\mathrm{C}^{2}}}^{\mathrm{i}}(E, F)=(\mathrm{E}\mathrm{x}\mathrm{t}_{\mathcal{O}_{C_{-}^{2}}}^{i}.(E_{7}F))^{G}$
. $G$- , , G-
$\mathrm{E}\mathrm{x}\mathrm{t}$ . $G$ $\rho_{i},$ $\rho_{j}$
G-Ext;$\mathrm{c}^{2}(\rho_{i}\otimes_{\mathbb{C}}O_{0}, \rho j\otimes \mathbb{C}O_{0})$
, , $O_{0}$ , $\mathbb{C}^{2}$ 0 $\mathbb{C}$ .
$\mathrm{E}\mathrm{x}’\mathrm{t}$ , , Koszul
.
$0arrow\Omega_{\mathbb{C}^{2}}^{2}arrow\Omega_{\mathbb{C}^{2}}^{1}arrow O_{\mathbb{C}^{2}}arrow O_{0}arrow 0$.





. Koszul , (2.1) G-Ext ,
dirn $G- \mathrm{E}\mathrm{x}\mathrm{t}_{\mathcal{O}_{\mathbb{C}^{9}}}^{1}$. $(\rho_{i}\otimes_{\mathbb{C}}O0, \rho j\otimes \mathbb{C}O0$ ) $=$ Li$j$





3.1. $(\chi^{Cx} (\rho_{i}\otimes \mathbb{C}O0, \rho j\otimes_{\mathbb{C}}O0))$ Cartan
. , $Y$ , $\mathrm{E}\mathrm{x}\mathrm{t}(-\}-)$
$\chi(-, -)$ , ( $\chi/(O_{\ell},$
$,$
$O$\ell j)) Cartan ,
, $\rho_{\mathrm{i}}\otimes \mathbb{C}O$0 $\ell_{i}$ , Gonzalez-Sprinberg
Verdier ? $\mathrm{K}$
. , $Y$ , $-\tau^{-1}$ (0)
I{ $K_{\tau^{-1}(0)}$ (Y), $\mathbb{C}^{2}$ {0}
$\mathrm{K}$
$K_{\{0\}}^{G}$ (C2) . ,
3.2. $\chi(-, -)$ $K$ (Y) $K_{\tau^{-1}(0)}$ (Y) , $\chi^{G}(-, -)$ $K^{G}$ (C2)
$K_{\{0\}}^{G}$ (C2) .
33. $K_{\tau^{-1}(0)}(Y)arrow K$ (Y) $K_{\{0\}}^{G}(\mathbb{C}^{2})arrow K^{G}(\mathbb{C}^{9}arrow)$
,. Cartan
$K^{\zeta j}$ (C2) $\{\rho_{i}\otimes O_{\mathbb{C}^{2}}\cdot\}$ $\{\rho_{\mathrm{i}}\otimes 0\}$ , Gonzalez-Sprinbcrg
Verdier $K$ (Y) $\{\mathcal{R}_{i}\}$ ? 2.2 ,
$Op_{i}$ , $\chi(, )$ , .
$K$ (Y) , $\{\mathcal{R}_{i}^{*}\}$
. 2.2
47
3.4. $\{\mathcal{R}_{i}^{*}\}$ , $\{-\omega_{7^{-}}-1(0), O_{p_{i}}(- 1)\}$ . ($O\ell_{i}$ (-1) $p_{i}\cong \mathrm{P}^{1}$
-1 , $\omega_{\tau^{-1}(}$ 0) $Y$ $\tau^{-1}$ (0) dualisin9 sheaf . )
. , $K_{\{0\}}^{G}$ (C2) $K_{\tau^{-1}(}$0)(Y) $\rho_{0}\otimes O_{0},$ $\rho_{1}\otimes O_{0},$ $\ldots,$ $\rho_{r\iota}\otimes$
$O_{0}$ , $\omega_{\tau^{-1}(}$0), $O_{l_{1}}(-1)$ , . . . , O, (-1) , .
, . , , -\llcorner
$\chi^{G}(-, -)$ $\chi(-, -)$ $G- \mathrm{E}\mathrm{x}\mathrm{t}^{i}$ $\mathrm{E}\mathrm{x}’\mathrm{t}^{i}$
. $\mathrm{K}$ ,
. , $G$- Hilbert .
4 $G$- Hilbert
, Hilbert , ( )
, Grothendieck . $l_{\backslash }$ ,
( ) Hilbert , Hilbert
, , Hilbert , $\lceil 0$
. $M$ , $Z$ 0 , 0
$Z$ , $H^{0}$ (Oz)
. $H^{0}$ (Oz) $l$ ( Z) $Z$ 1 $M$ $n$ Hilbert ,
$l(Z)=n$ 0 $Z$ ,
$\mathrm{H}\mathrm{i}1\mathrm{b}^{n}$(M)
$M$ 7? $\mathrm{H}\mathrm{i}1\mathrm{b}^{n}$ (M)
, $\mathrm{H}\mathrm{i}1\mathrm{b}^{n}$(M) Zariski Hilb’(M) , $M$ $7\tau-1$
, $n$ ( )
. $\mathrm{H}\mathrm{i}1\mathrm{b}^{n}(M)$ $Z$ $Z$
, NI $S^{n}$ (M) . . Hilbert-Chow
$\mathrm{H}\mathrm{i}1\mathrm{b}^{n}(M)arrow S^{n}(M)$
. $n$ .
4.1.2 Hilbert Hilb2 (M) . Hflb (M) $\Lambda’I$ 2
$U$ . Hilb2 $(M)\backslash U$ , 1 2
. , 1 -
. 2
1 , .
, Hilbert-Chow Hilb2 $(M)arrow S^{2}(M)$ $S^{2}$ (M)
.
$M$ , $n$ $\mathrm{H}\mathrm{i}1\mathrm{b}^{n}$ (M) , $S^{71}(ll/I)$
[FOg68]. 3 , $n$
$\mathrm{H}\mathrm{i}1\mathrm{b}^{n}$(M) [Iar72].
, Hilbert , $n$
, .




4.2. $G$ $M$ . $M$ $G$- 0-
$Z$ , $G$ $H^{0}$ (Oz) , $Z$ $G$-cluster ,
$G$-cluster $G$ $\# G$ .
48
$G$-cluster , $G$- . $G$-cluster l , G-
.
4.3. $G$-cluster $G$- Hilbert scheme $\mathrm{A}$ ) $\mathrm{A}^{\mathrm{a}},$ $G$ -Hilb(M)
( , $\mathrm{H}\mathrm{i}1\mathrm{b}^{\# G}$ (M) .)
1 , $G$-cluster $Z$ Supp(Z)
G- . $Z$ Supp(Z) Hilbert-Chow
G-Hilb(M)\rightarrow M/G
. $G$ -Hilb(M) .
4.4 ( - [IN99]). $G\subset \mathrm{S}\mathrm{L}(2, \mathbb{C})$ . ,. $\tau$ : $G$ -Hilb $(\mathbb{C}^{2})arrow X=\mathbb{C}^{2}/G$ .. $y\in\tau^{-1}$ (0) $G$ -cluster $Z$, $I_{y}$ . $0\in \mathbb{C}^{2}$
$m$ , $I_{y}i\uparrow\tau\iota I_{y}$ $G$ , (
) $y$ ,
McKay . ( $fIN\mathit{9}\mathit{9}f$ .)
Hilbert
. , , McKay $\mathrm{r}_{\mathrm{L}^{1}\backslash }^{\mapsto}$,
. Fourier- .
5Fourier-
Fourier- , Abel ( $=$ ,
Abcl ) , Poincare ( $=$ )




$G$ -Hilb Fourier- . $Y=G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{\mathit{2}})$
. $D(Y)$ $Y$ ( ) , $D^{G}(\mathbb{C}^{2})$ $\mathbb{C}^{2}$ G-
.
$Z\subset Y\cross$ C2







$\Phi$ : $D(Y)arrow D^{G}(\mathbb{C}^{2})$
$\Phi(-)=\mathrm{R}q_{*}p^{*}(-)$
. , , $Z$ $O_{\mathcal{Z}}$ . Kapranov-Vasserot
,
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5.1(Kapranov-Vasserot $[\mathrm{K}\mathrm{V}00]$ ) . $\Phi$ .
[KVOO] ( ) ,
.
$\Phi$ Gonzalez-Sprinberg Verdier $\mathcal{R}_{i}$ , \S 3




$\mathcal{R}_{i}$ . (\ $\mathcal{Z}$ $Y\cross x\mathbb{C}$2
, $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{2})$ .) $\Phi^{i}$.
$\pi_{*}\Phi^{i}(-)=R^{i}\tau_{*}(-\otimes p_{*}Oz)=\oplus H^{i}(-\otimes \mathcal{R}_{i})\otimes/\prime i$ (5.1)
, $\Phi$ $(O\ell_{j} (- 1))$ , $Op_{j}$ (-1) $\otimes \mathcal{R}_{j}$ .
,
$\mathcal{R}_{j}|_{\ell_{i}}\cong\{$





$\Phi(.Op, (-1))\cong\rho i\otimes O0,$ (5.2)
$\Phi(\omega_{\tau^{-1}(0\rangle})\cong\rho 0\otimes O_{0}[-1]$ (5.3)
. \S 3 $\Phi$ . ( , $\Phi$ $\mathcal{R}_{\iota}^{*}$
$\rho_{i}.\otimes O_{\mathbb{C}^{\mathit{2}}}$. , $\Phi$ .)
, - ,
$\Phi(O_{\ell_{i}}(-1))=\rho_{i}\otimes O_{0}$ $\Phi$ , $y\in Y$ : $O_{y}$ $y$ $\mathbb{C}$
, $i\neq 0$
$\mathrm{H}\mathrm{o}\mathrm{m}(O_{l_{\eta}}(-1), O_{y})=\mathrm{H}\mathrm{o}\mathrm{m}(\rho_{i}\otimes O_{0}, \Phi(O_{y}))$.
, 0 $y\not\in\ell_{i}$ . , $\Phi$ (Oy) $y$
$G$-cluster $Z$y $Oz_{y}$ . 0
, G- $\rho_{\mathrm{i}}\otimes O_{0}\subset O_{Z_{j}}$ .
5.2. $y\in\ell_{i}$ $\rho_{i}\otimes O_{0}\subset O_{Z_{i}}$ , 1
.
(5.2) . $p_{i}$ $O_{f_{i}}(-1)$ O, )
, $\rho_{i}\otimes O_{0}$ . , (5.3) , $\Phi^{1}(\omega_{\tau^{-1}(}0))$
, $\tau^{-1}$ (0) $\rho_{0}\otimes O_{0}$ , . ,
chamber .
$\mathrm{H}\mathrm{o}\mathrm{m}$ , $\mathrm{E}\mathrm{x}\mathrm{t}1$ ,
- ([Ish02] ).
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6 $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$ 3 McKay
3 McKay . 2 ,
– , $\mathbb{C}^{2}/G$
. 3 ,
. $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ , $X=\mathbb{C}^{3}/G$ (
) ,
.
6.1. $Yarrow X$ , $Y$ $\mathrm{A}_{Y}^{\nearrow}(=\Omega_{Y}^{3}.)$
$O_{Y}$ .
crepant , discrepancy($K_{Y}$ $Kx$ ) Reid
. 3 ,
Reid , .
1985 , Dixon-Harvey-Vafa-Witten [DHVW85],
[DHVW86].
$Yarrow X$ ,. $Y$ Euler $e$ (Y) , $G$ .
2 , 3 $\mathrm{M}\mathrm{c}\mathrm{K}|\mathrm{a}\mathrm{y}$
.
, 1990 , , Markushevich, Roan
. , $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ (A $L$ [YY93])
. 2 , -Reid $Y$
$G$ .
-\rightarrow [NakOO] $G$ , $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$ ,
. 3 ( ) Hilbert
. . , -
[INOO] Grothendieck $K(Y)\cong K^{G}(\mathbb{C}^{3})$ 3
McKay .
$G$ ( ) , Bridgeland-King-Reid
.
6.2 (Bridgeland-King-Reid, [BKROI]). $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ ,. $Y=G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$ $X=\mathbb{C}^{3}/G$ .
$Fourie\prime r$- $\Phi$ : $D(Y)arrow D^{G}(\mathbb{C}^{3})$ .
, $Y$ Fourier-








. [ $\mathrm{K}$ $98_{1,\lrcorner}^{\rceil}$ [Mat02] .
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3 , 2
. , -^ ,
. , $\mathbb{C}^{3}/G$ , $G$
, .
7.1 (Atiya ). $Y$ 3 , $p\cong \mathbb{P}^{1}$
. $\ell$ $Y$ $N_{l/Y}$ $O_{l}(-1)\oplus O\ell(-1)$ , $\ell$
$(-1,$ $-1)$ - . $Y$ $\ell$ $f$ : $\overline{Y}arrow Y$ ,
$E:=f^{-1}$ (l) $\mathrm{P}^{1}\cross \mathrm{P}^{1}$ , $N_{E/\overline{Y}}$ $O_{\mathrm{P}^{1}\cross \mathrm{P}^{1}}(-1, -1)$ . , $E$ $\mathrm{P}^{1}$
$\overline{Y}$ , $Y’$ .
$E$ $\ell’\subset Y$’ $(-1,$ $-1)$ - . $Y–*Y’$ (
$Y\backslash \ell$ ) .
$Y$ $\ell$ , $W$ . $\mathrm{f}/V$ $\ell$
, 4 2 . $\varphi$ : $Yarrow W$
$\varphi’$ : $Y’arrow W$ $W$ ( = 2 )
, , $\lceil_{\varphi}$- \mbox{\boldmath $\varphi$}’-
.
$X=\mathbb{C}^{3}i$G $\tau$ : $Yarrow X$ ,
$Y’$ $X$ . ( $(-1,$ $-1)$ -
.) $1’$
. ,
. , [Mat02, Chapter 12] .
Pic(Y) $Y$ ( ) , $Z_{1}(Y/X)$ $\tau$
$Y$ - ,
Pic(Y) $\cross Z_{1}(Y/X)arrow \mathbb{Z}$
. ,
$\mathit{1}\mathrm{V}^{1}(Y/X):=(Pic(Y)/\equiv x)\otimes \mathbb{R}$ ,
$\llcorner$
$N_{1}(Y/X):=(Z_{1}(Y/X)/\equiv \mathrm{x})\otimes \mathbb{R}$,
. , $\equiv x$ $\rceil\backslash$
. $N_{1}(Y/X)$ , NE(Y/X),
$\overline{NE}(Y/X)$ $N^{1}(Y/X)$ Amp $(\mathrm{Y}/\mathrm{X})$
$\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(Y/X)$ $\overline{NE}(Y/X)$ $\overline{\mathrm{A}\mathrm{m}\mathrm{I}^{\mathrm{J}}}(Y/X)$ . (-1, -1)-
$\ell$ $Y’$ $p$ $\overline{NE}(Y/X)$
. , $N^{1}(Y/X)$ $N^{1}(Y’/X)$ -^ , $\overline{\mathrm{A}\mathrm{r}11\mathrm{I})}(Y/X)$




( ). Mov AnlI)(Y/X) ,
. $Y$ $X$ ,
, ( $[\mathrm{M}\mathrm{a}\mathrm{t}02,$ $12.3]$ ).
$G$ , $X$ $Y$ ,
. , Mov Gel’fand-Kapranov-Zelevinski $\lceil\lfloor \mathrm{G}\mathrm{K}\mathrm{Z}94$]
secondary fan 0 .
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8 $G$-constellation





, , McKay 62 , G-cluster
$G$-constellation ,
.
8.1. $G\subset \mathrm{G}\mathrm{L}(\prime n, \mathbb{C})$ . $G$-constellation $\mathbb{C}^{n}$ (
) G- $F$ , $G$ $H^{0}$ (F) .
, cluster of stars , Reid cluster
. , constellation . $G$-constellation $F$ , $G$
$n$ , [INOO] McKay
( ) . King ([Kin94])
(GIT) , $G$-constellation .
GIT , . G-constellation
, $R(G)$ $G$ ( $G$ Grothendieck )
, $R\in R$ (G) ,
$\mathrm{O}-:=\{ \theta\in \mathrm{H}\mathrm{o}\mathrm{r}\mathrm{n}_{\mathbb{Z}}(R(G), \mathbb{Q}) |\theta(R)=0\}$ ,
, $R$ (G) . $E$ $\mathbb{C}^{n}$. G-
, $H^{0}$ (E) $R$ (G) $\theta(E)$ $\theta$ ( $H^{0}$ (E))
[Kin94] , .
8.2. $\theta\in\Theta$ $G- \mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}\mathrm{c}11_{\mathrm{c}\mathrm{Y}}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}F$ \urcorner , $F$ $\theta$- ,
$E\subset F$ , $\theta(E)>0(=\theta(F))$ .
5 \mbox{\boldmath $\theta$}- .
Irr(G) $G$ , $\rho 0\in \mathrm{I}\mathrm{r}\mathrm{r}(G)$ . Irr(G)
$R$ (G) .
83. .
1. $\theta\in\Theta$ $\rho 0$ $\rho\in \mathrm{I}\mathrm{r}\mathrm{r}(G)$ $\theta(\rho)>0$ . (
$\theta(R)=0$ $\theta(\rho_{0})<0$ . ) , $G$-constellation $F$ \mbox{\boldmath $\theta$}-
, $\theta$- , $G$-cluster $Z$ $F\cong O_{Z}$ ,
.
2. $0\in\ominus$ . $G$-conste a.fi0n $F$ 0- , $F$
, $G$- $Z$ $F\cong O_{Z}$
. $G$-constellation 0- .
8.4( [Kin94]). $\theta$ - $G$ -constellation $\mathcal{M}_{\theta}$
$\theta$ - $G$ -constellation $\mathrm{S}^{\gamma}-$ $\overline{\mathcal{M}_{\theta}}$ . ($S$- ,
$fHL\mathit{9}7f$ .)
$X=\mathbb{C}^{n}/G$ . \mbox{\boldmath $\theta$}-
$\theta$- , $\theta$ generic 1
8.5. $l$ . $G\cdot x$ , $G\cdot x$ $G$ -consfellafion
, closed immersion $Xarrow\overline{\mathcal{M}0}$ . $X$ $\overline{\mathcal{M}0}$
.
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2. $\theta$ - $G$ -constellation , $\tau:\mathcal{M}_{\theta}arrow X$









$H^{0}$ (F) , descent $\mathrm{t}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{l}\cdot \mathrm{y}$




$\mathcal{R}=$ $\oplus$ $\mathcal{R},$ $\otimes \mathrm{c}\rho$
$\rho$cIrr(G)
. $\mathcal{R}_{\rho}$ , tautological bundle . $\mathcal{M}_{\theta}$
, $\rho_{0}$ tautological bundle $\mathcal{R}_{\beta t)}$
$\mathit{0}_{\mathcal{M}_{\mathit{0}}}$ . , $\mathcal{U}_{\theta}$ $\mathcal{R}_{\rho}$ .
$\mathcal{U}_{\theta}$ $\mathcal{R}$ (G- ) , $\prime \mathcal{R}$
$\mathcal{U}_{\theta}$ . ( $\mathcal{R},$ $\mathcal{R}$, $\theta$ , . $\langle$
. )
9.1. $\theta$ 8.3 1 , $\lambda\triangleleft_{\theta}$ $G$ -Hilb(Cn) ( )
, , - .
$G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{n})$ , tautological bundle $\mathcal{R}_{\rho}$
.
. $D(\mathcal{M}_{\theta})$ $\mathcal{M}_{\theta}\rfloor_{-}^{-}$
, $D^{G}(\mathbb{C}^{n})$ $\mathbb{C}^{n}$ $C_{\tau-}$
.
$\mathrm{A}\mathrm{t}_{\theta}\cross \mathbb{C}^{r\iota}$




$\Phi_{\theta}$ : $D(\mathcal{M}_{\theta})arrow D^{G}(\mathbb{C}^{n})$ .
$\Phi_{\theta}(-)=\mathrm{R}\pi_{\mathbb{C}^{n}*}(\mathcal{U}_{\mathit{0}} \otimes\pi_{\mathrm{A}4\mathit{0}}^{*}(-))$ .
$G$-constellation , $G$-cluster t Bridgeland, King Reid $\lceil J$}$.\overline{\mathrm{x}-}-\equiv\neq$
, .
9.2. $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ . $\theta$ generic , $\tau:\mathcal{M}_{\theta}arrow X$
, $\Phi_{\theta}$ .
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, .. $\mathcal{M}_{\theta}$ $\Phi_{\theta}$ $\theta$ ?
$Yarrow X$ , $Y\cong \mathcal{M}_{\theta}$ generic $\theta$
?
, chamber , .
.
9.3. $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ , 2




GIT ( , )
, chamber ([Tha96], $[\mathrm{D}\mathrm{H}98_{\mathrm{J}}^{\rceil}$ ). ( )
generic $\mathrm{O}-\mathrm{g}\mathrm{e}\mathrm{n}\subset\Theta$ open dense , ( )
disjoint union . , generic $\theta$
.
10. $\mathrm{L}$ $C$ chamber . $\overline{C}$ 1 , $C$ wall $\mathrm{t}$
$\theta\in C$ , $\mathcal{M}_{\theta},$ $\mathcal{U}$ \mbox{\boldmath $\theta$}, $\Phi_{\theta}$ $C$ , $\mathcal{M}c.,$ $\mathcal{U}c$ , \Phi
.
chamber , $\Theta$ . $\Theta$ , $\theta$ : $R(G)arrow \mathbb{Q}$
$\theta(R)=0$ . , $R$ (G) Grothendieck $K_{\tau^{-1}(0)}^{G’}$ (Cn)
, .
. , $\chi^{G}(-, -)$ $R$ (G) .
, 2 3.1 , $R(G)/\mathbb{Z}R$
, $\Theta=\mathrm{H}or\mathrm{n}$(R $(G)/\mathbb{Z}R,$ $\mathbb{Q}$ ) Weyl chamber .
$\#^{f_{\backslash }}\mathrm{J}$ Kronheimer .
10.2([Kr089], [CS98] ). $G\subset \mathrm{S}\mathrm{L}(2, \mathbb{C})$ . ,
1. $\theta\in\Theta$ $gener|ic$ , $\sqrt \mathrm{t}\mathrm{A}_{\theta}$ $X$ \hslash .
2. $\theta\in\Theta$ $gene^{l}ric$ $\theta$ Weyl
.
3. chamber , Weyl chamber .
10.3. $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{2})$ chamber $C$
$C=$ { $\theta\in\Theta|\theta$ ( $\rho i)>$ O $(i\neq 0)$ }
.
$P_{\mathcal{T}OO}.f$. . $C$ 8.3 ,
. 5.2 ,
$\Phi_{C}(O_{\mathit{1}_{\mathrm{i}}}(-1))=\rho i\otimes O_{0}$
, $\ell_{i}$ $G$-constellation . ,
$\theta\in C$ $\theta(\rho_{i})>0$ .
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10.4. 3 , $G$ -Hilb(C3) chamber $\sqrt$| .
, $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{2})$ chamber ,
$\Phi_{C},$ $(O_{\ell_{1}}(-1)),$ . . . , $\Phi$c $(O_{l_{\tau\iota}}(-1))$
. $\ell$ $Y=\mathcal{M}_{\theta}$
, $O_{l}$ (d) , $\Phi_{\theta}^{0}$ ( $Op$ (d)) $\ell$ G-constellation
$O_{p}(d)$ ,
$\theta([\Phi_{\theta}^{0}(Op(d))])\geq 0$ . $\ell$ Serre .| { , $\Phi_{\theta}^{1}($. $O_{p}(d).\mathrm{I}$
$\ell$ $G$-consellation ,




( ). , 10.2
3 .
10.5. $G\subset \mathrm{S}\mathrm{L}(2, \mathbb{C})$ , $C\subset\Theta$ chamber . , $\theta\in C$
, $\theta([\Phi c(O\ell_{i})])>0(i=1, \ldots, n)$ .
chamber I 3 .
, .
$D_{\tau^{-1}(0)}(\mathcal{M}_{\theta})$
$\tau^{-1}$ (0) $D(\mathcal{M}_{\theta})$ , $D_{\{0\}}^{G}(.\mathbb{C}^{3})$
{0} $D^{G}$ (C3) .
$\mathrm{G}\mathrm{r}o\mathrm{t}\mathrm{h}\mathrm{e}\iota \mathrm{l}\mathrm{d}\mathrm{i}\mathrm{e}\mathrm{c}\mathrm{k}$ , $K_{\tau^{-1}(0)}$.(Mc), $K_{\{0\}}^{G}$ (C3) . $\Phi c$ $D_{\{0\}}^{G}(\mathbb{C}^{\mathrm{i}}.)$
$D_{\{0\}}^{G}$ (C3) , $\#_{\lrcorner}|$)$=$
$\varphi$c: $K_{\tau^{-1}(0)}(\mathcal{M}_{C})arrow K_{\{0\}}^{G}(\mathbb{C}^{3})\sim$
. , $K_{\{0\}}^{G}(\mathbb{C}^{3})\cong R$ (G) , $\theta\in\Theta$ $I\sigma_{\{0\}}^{G}(\mathbb{C}^{3})$
. chamber .
10.6. $G\subset \mathrm{S}\mathrm{L}(3, \mathbb{C})$ , $C$ chamber . , $\theta\in C$
, $\theta$ .. , $\theta(\varphi c(O_{\ell}))>0$ .
OU ) $D$ $\rho$ 5
$\theta(\varphi_{C}(\mathcal{R}_{\rho}^{*}\otimes\omega_{D}))<\mathit{0}$ $\theta(\varphi_{C}(\mathcal{R}_{\rho}^{*}|_{D}))>0$ .
, $\mathcal{R}_{\rho}$ tautological bundle ( $C$ ) , $\mathcal{R}_{\rho}^{*}$ .
$\mathcal{R}_{\rho}^{*}\cong\Phi_{\overline{C}}^{1}(\rho\otimes O_{\mathbb{C}^{3}}\cdot)$ , $C$ \Phi .
.
$\theta(\varphi c(O_{\ell}))>0$ $G$ ,
, . , GIT
$\mathcal{M}_{\theta}$ (polarisation) ,
. , $\theta\in C$ $\mathcal{M}c$ polarisation ,






F $(\mathcal{R}, \otimes O_{\mathit{1}})\otimes_{\mathbb{C}}\rho$
( $\Gamma$ ) ,
$\theta$ ( $\varphi$c $(O_{\ell})$ ) $= \sum_{p}\chi(\mathcal{R}, \otimes O_{l})\theta(\rho)=\deg(L_{C}(\theta)|_{l})$
.
, $\theta\mapsto L_{C}(\theta)$ , , $\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(\mathcal{M}_{\theta})$
$C$ wa ( )
, . wall $W$ $\theta_{0}$ . $G$
,. $\mathcal{M}c$ , $\theta 0$- $G$-constellation locus ]$\backslash$
$D$ .. $D$ $G$-constellation $\theta_{0}$ - Jordan-H\"older
2 .
( ) $D$
.. $\Phi c(\mathcal{R}_{\rho}^{*}\otimes O_{D})=\Phi_{C}^{0}(\mathcal{R}_{\rho}^{*}\otimes O_{D})$ ,,
$\Phi c(\mathcal{R}_{\rho}^{*}\otimes\omega_{D})[2]=\Phi_{G}^{2},$ $(\mathcal{R}_{\rho}^{*}\otimes\omega D)$ . ( $\rho$ ,
. )
. $W$ j\mbox{\boldmath $\tau$}\ $\theta(\varphi c(\mathcal{R}_{\rho}^{*}\bigotimes_{arrow}\omega_{D}))<0$
$\theta(\varphi c(\mathcal{R}_{\rho}^{*}|_{D}))>0$ ,
. , 10.6 , [CI02]
.
, $G- \mathrm{H}\mathrm{i}1\mathrm{b}(\mathbb{C}^{3})$ chamber , ,
[CI02, \S 9].
11 Wall-crossing $(\mathcal{M}_{\theta)}\Phi 0)$
, $\theta$ wall , $\mathcal{M}_{\theta}$ $\Phi_{\mathit{0}}$ .
.- 2 . 2 $\mathcal{M}$ –
, $\Phi c$ $C$ . $C,$ $C’$ wal M
chambcr . $W$ $\theta(\varphi_{C}(O_{\ell_{\iota}}))=0$ (-2)-
$p_{\mathrm{t}}$ . , $\theta(\varphi_{C’}(O_{l_{j}}))=0$ , I{ $\varphi_{\overline{C}}^{1},0\varphi_{C}$ $Op_{\iota}(-1)$
. , $\Phi_{\overline{C}}^{1},\mathrm{c}\Phi_{C}$ $O_{\ell}$ , (-1) Seidel-Thomas
$T_{\mathcal{O}_{l_{l}}}$ (-1) $T_{\mathcal{O}_{\ell_{j}}(}’$ -1) .
$\mathrm{S}\mathrm{c}\mathrm{i}\mathrm{d}\mathrm{e}1_{-}’\Gamma \mathrm{h}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{s}$ . $Y$ , $D$ (Y)
, $D_{\mathrm{c}}$ (Y) . $\mathcal{E}\in D_{c}$ (Y) ,
$Tg$ : $D(Y)arrow D$ (Y) distinguished triangle
$\mathrm{R}\mathrm{H}\mathrm{o}\mathrm{m}o_{Y}(\mathcal{E}, \alpha\rangle\otimes_{\mathbb{C}}\mathcal{E}arrow\alpha \mathrm{L}\mathrm{e}\mathrm{v}arrow 7\epsilon(\alpha)$
.
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1L1 ([STOI]). $\mathcal{E}\in D_{c}$ (Y) spherical $o$ vect . , $\dim fIom^{i}$ (E, $E$ ) $=$
$0$ ($i\neq 0,$ $\mathrm{d}$im $Y$), $\dim Hom^{0}$ (E, $E$ ) $\cong Hom^{\dim Y}(E, E)\cong \mathbb{C}$ $\mathcal{E}\otimes\omega_{Y}\cong \mathcal{E}$ .
, $T\epsilon$ .
11.2. (-2)- ( ) spherical . 3




, $\chi(-, -)$ $\chi(\mathcal{E}, \mathcal{F})=\sum_{i}$(-l)i $\dim \mathrm{E}\mathrm{x}\mathrm{t}_{\mathcal{O}_{Y}}^{i}($E, $F)$ , .
$K_{Y}$ . $Y$ , $\chi(-, -)$ , $\mathrm{I}<$
$(T_{\mathcal{E}})_{*}$ . , $\dim Y$ , $\chi(-, -)$ ,
$(T\epsilon)_{*}$ $\chi(-, -)$ $[\mathcal{E}]$ $[\mathcal{E}]^{[perp]}$ .
9.3 .
11.3. 2 , $T_{\mathcal{O}_{\ell_{i}}(}$ -1)l $K$ ,
. , Seidel-Thomas $\{T_{\mathcal{O}_{\ell_{\mathrm{t}}}(}$-1) $\}$
.
3 wall-crossing . . wa
. $W$ charnber $C$ wall, $\theta_{0}\in W$ . (\mbox{\boldmath $\theta$}0-
)S-
$\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{t}_{\mathrm{W}}$ : $\mathcal{M}_{C}arrow \mathcal{M}_{\theta_{\cup}}$
. ( $\overline{\mathcal{M}_{\theta_{0}}}$ . )
$Lc$ (\mbox{\boldmath $\theta$}0) $\overline{\mathcal{M}_{\theta_{0}}}$ $\mathcal{M}$ , cont ’ $Lc(\theta_{0})$
prirnitive contracfion([Wi192]: Picard 1) .
11.4. $W$ , Wilson [Wi192] .. contw ($Lc$ ( $\theta_{0}^{\backslash },|$ ) , $W$ 0 .. contw , I 1. $\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{t}_{\mathrm{W}}$ , .. contw , $\tau$
10.6 $\mathrm{I}$ , I[, Iff , 0
. ,
11.5. $G$ , wafl $i$ .
.
1L6. $C,$ $C’$ wall $W$ chamber . , $\mathcal{M}c$ $\mathcal{M}c^{J}$ ,
$\Phi_{\overline{C}’}^{1}\circ\Phi c:D($M$c)arrow D(\mathcal{M}c\sim 7)$ .
0 : $\mathcal{M}_{C}$ $\mathrm{A}4_{C}$ ’ , $\Phi_{\overline{C}}^{1},0\Phi_{C}$ $\mathcal{R}_{\rho}^{*}\otimes O_{D}$ $\mathcal{R}_{\rho}^{*}\otimes\omega_{D}$ ,
Seide$l-Tho$mas . $\mathrm{f}\mathrm{f}\llcorner_{-}$ ).
: $\mathcal{M}_{C}$ $\mathcal{M}c$ ’
$\circ$
$\Phi_{\overline{C}}^{1},\circ\Phi_{C}$ Bon$dal$ -Orlov $fBO\mathit{9}\mathit{5},$ \S 3f , $At\cdot i\prime ya$
.
: $\mathcal{M}c$ $\mathcal{M}c$ ’ $\Phi_{\overline{C}}^{1},\circ\Phi$c , $+;\backslash \mathfrak{h}\sqrt\backslash$ , Ho$rja$ $6’ze7bdr\acute{\mathit{0}}\acute{i}$ [HorOl,
SzeOlf EZ- . ( ).
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12 9.3
, 9.3 . $X$
$G$ -Hilb , -Y $:=\mathcal{M}c$
$Y’$ , $Y’\cong \mathcal{M}c$ ’ chamber C’ . , . $Y–*Y’$
I wall $C$ , .6 , ,
$\Pi|$
$\mathrm{A}\mathrm{L}$
0 wa . , 0 wall
, .
$\mathrm{G}\mathrm{r}\mathrm{o}\mathrm{t}\mathrm{h}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{i}\mathrm{e}\mathrm{e}:\mathrm{k}$ $K(Y)\mathbb{Q}$ topological fi ration
$K(Y)\mathbb{Q}=F^{0}\supset F^{1}\supset F^{2}\supset F^{3}=0$
. , $F^{i}$ $\grave{\grave{\backslash }}$ $i$ $K$ (Y)
. $\tau^{-1}$ (0) Grothendieck $K\{0\}(Y)\mathbb{Q}$
$0=F_{-1}^{\urcorner}\subset F_{0}\subset F_{1}\subset F_{2}=K\{0\}(Y)\mathbb{Q}$
. $\chi(-, -)$ $K(Y)\mathbb{Q}$ $K\{0\}(Y)\mathbb{Q}$ , $F^{i}=F_{i-1}^{[perp]}$ .
Grothendieck Fourier- $\varphi C$ : $K_{\tau^{-1}(0)}(Y^{\backslash })arrow K_{\{0\}}^{G}\sim(\mathbb{C}^{3})$
. $K_{\{0\}}^{G}$ (C3) $R$ (G) – , $\varphi c_{J}$ {
$\varphi_{C}^{*}$ : $\mathrm{H}_{0111}(R(G), \mathbb{Q})arrow K(Y)_{\mathbb{Q}}$










, $Y–+Y’$ . $\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(Y/X)\cap\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(\mathrm{Y}’/X)$ L
$C$ wall $W$ , $W$ $C$. chamber C’ .
, 0 wall , 0 wall .
$\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(Y’)$ ( ) , wall-crossing $Lc$
. $Lc=p\circ\varphi_{C}^{*}$ $p$ $C$
$\varphi_{C}^{*}$ , . 11.6
Seidel-Thomas .
, $\varphi_{C}^{*}(C)$ $p^{-1}(\overline{\mathrm{A}\mathrm{m}\mathrm{p}}(Y’/X))$ .
( $p$ ) ,
0 wall , $Y’$ I wall chamber
.
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